The effect of green manure on the growth of irrigated corn (Zea mays L. cv Cisko) was investigated under different drip irrigation rates on a clay soil in Greece. A feed pea (Pisum sativum L. cv Olympus) crop was established in autumn and incorporated into the soil in spring, about 3 weeks before the sowing of the subsequent corn.
Introduction
Modern agricultural production in Mediterranean countries is largely based on monoculture of single species plantations taking advantage of scale economy for maximizing farmer profit. However, the significant reduction of biodiversity and organic system controls in such cropping systems are associated with adverse environmental outputs and eventually land degradation that must be alleviated before irreversible levels (desertification) may be reached.
Major issue of monoculture comprises the depletion of soil organic carbon (SOC) (Reganold et al., 1987; El Titi, 1990; Tilman, 1998; Wander et al., 1998; Kätter-er and Andrén, 1999; Smith,1999; Tebruegge, 1999; FiBL, 2000; ) , whereas in Mediterranean lowlands with modest runoff (and soil erosion) and deep percolation, depletion of SOC is largely due to organic matter mineralization as well as oxidation (Reicosky and Lindstrom, 1995; Lal, 1997; Paustian et al., 1998a,b; FAO, 2001) . Besides SOC depletion, monocultures bring about accelerated soil structural stability and inherent fertility degradation. Topsoil structure degradation and SOC reduction to the present low levels (<1%) are also the result of extensive monoculture of winter cereals and irrigated cotton crops in the Thessaly plain, the largest Greek lowland and the center of the country's agricultural production.
Many authors have demonstrated the paramount importance of crop rotation and green manuring in alleviating the negative effects of monoculture and improving soil physical properties (bulk density, porosity), soil structure and water holding capacity, SOC and nutrient availability (Bremer, 1960; FAO, 2010; Skoufogianni et al., 2013) as well as the reduction of N losses through runoff, leaching and soil erosion. In particular, green manuring with legumes greatly improves soil fertility by increasing SOC and nitrogen due to biological fixation of atmospheric nitrogen.
Thus green manuring with legumes may reduce the required amount of nitrogen fertilizer by 100-200 kg N ha -1 (Helming et al., 2014) drastically reducing production costs.
A relatively recent 3-year field study carried out by Skoufogianni et al (2013) highlighted the positive effect of field pea as a winter cover crop recorded on the seed yield of a fully irrigated maize crop on a clay soil of Thessaly plain (central Greece), under different nitrogen dressings. Feed pea as green manure enriched the topsoil with 180-220 kg N ha -1 annually, after incorporation (Skoufogianni et al., 2013) , and brought about a significant increase in both nitrogen mineralization and fertilization efficiency as well as maximum yields. However, elongation of the linear part of the yield-uptake relation was also apparent, reflecting a higher yield potential for the plots receiving green manure. This demonstrates the improvement of soil physical characteristics and water use efficiency, which could not fully understood without including different (irrigation) water application levels in the comparison. The present work is aiming to study the effect of green manure (feed pea) on the growth and yield potential of maize on the above same clay soil under different irrigation applications, while maintaining fertilization and the rest cultivation practices at optimum levels for crop production.
Materials and Methods
A split plot field experiment with three replicates (blocks) Weed, pest and disease control and optimum NPK fertilization for maximum maize yields were applied.
Irrigation was applied at three levels, i.e. 33%, 66%
and 100% of actual evapotranspiration (ETm), com- Green manuring took place a few days after the blooming of the feed pea. Just before its incorporation, samples from the aerial biomass were collected from 3 representative sites, and prepared for laboratory plant analysis: the samples were weighted, dried at 65 °C for 48 h, and then pulverized and weighted again tocalculate the quantity of dry biomass which was incorporated into the soil. Finally, the samples were analyzed for total nitrogen content using the standard Kjeldahl method (Nelson & Sommers, 1973) . However, the post flowering period was characterized by average air temperatures so that grain filling period and maturation were not adversely affected. The amount of rainfall during the growing period (Juneend August) was modest (only 11.0 mm) so that irrigation comprised practically the main water input for the different treatments (Table 1 ). The rest cultivation practices (fertilization, weed, pest and disease control)
were kept optimum for obtaining potential production.
For ensuring better accuracy of the water inputs, a drip irrigation system was used applying water at 7-9 day intervals according to Table 1 final results at harvest are presented and discussed.
The data were statistically analyzed using analysis of variance through the GENSTAT Software (Payne et al., 2011) . Means were compared using revised LSD test at 0.05 levels. Table 2 (Table 3) to calculate the nitrate nitrogen inputs.
Results
The mean concentration of nitrates in the irrigation water was 21.4 mg L -1
, and after conversion to nitrogen the content (multiplying by 0.2259) was 4.83 N The results on final crop (corn) performance are presented in Table 4 for the various treatments under study. As expected, irrigation significantly affected corn crop growth as reflected by plant height. As apparent in Table 4 , the final plant height reached 1.83 m for both, full and moderate irrigation treatments (100%-66% ETm), while the stressed plants (33% ETm) did not exceed1.5 m in height. Οn the contrary, the final height of maize plants did not vary between the green manured and the control plants (Table 4) .
Concerning the green manure, the mean dry biomass of feed pea was found 0.52 kg m -2 which corresponds to 5.2 t ha -1 . Results have showed that green manure crops provide a significant source of total N and K.
The quantity of incorporated phosphorus (P) into the soil was much lower but is not negligible to the subsequent crop. The incorporated quantity of nutrients was 157 kg ha -1 for K, 107.1 kg ha -1 for N and P was only 7.8 kg ha -1 . As can be depicted from Figure 2 and Table 4 the plots receiving moderate to full irrigation performed by 2 t ha -1 higher grain yields and by 3.1-3.8 t ha -1 higher total dry biomass.
Effects of irrigation and green manure on corn (Zea mays L.)
Concerning biomass production and seed yield performance, the plots receiving moderate to full irrigation exceeded 20 t ha -1 in dry biomass whereas the stressed plants (33% ETm) did not exceed 12.9 t ha -1 (LSD0.05 = 282 kg str.
-1 -see also Figure 1 ). Similarly, yields reached 12.5-13 t ha -1 in the moderate and full-irrigated plants, but did not exceed 8 t ha -1 in the stressed plants. As presented in Table 4 , important a) addition (+) or not (-) of green manure with pea before corn sowing b) the three irrigation levels (100%, 66%, 33% ETm) c) the above in combination (P = pea, C = control) ).
Discussion
The experimental soil (Table 2) is slightly calcareous, with a high CEC in both depths and a higher SOC and SOM and Ntot contents in the surface horizon, Ap.
It is characterized by clay texture and during the dry period the formation of cracks causes problems in irrigation, tillage, and management of fertilizers.
The total nitrates inputs from irrigation varied substantially among treatments and ranged between 10.2 and 27.4 kg N ha -1 (Table 3 ). In practice, irrigation water containing nitrate can supply nitrogen to the crops since it is applied and taken up during the growing period. Hence, nitrates content should be taken into account to accurately calculate the required nitrogenous fertilizers.
Results of the laboratory determinations concerning the incorporated material have indicated that green manuring contributes significantly to increasing of plant available macronutrients. The incorporated quantity of nutrients was found to the following decreasing order: K>N>P. In particular, the amount of both elements N and K can be up taken from the succeeding crops, after mineralization.
The positive effect of incorporated pea to maize yield under full irrigation was highlighted by Skoufogianni et al. (2013) . This was attributed to the improved topsoil physical properties and to considerable amounts of N being taken up by maize plants after mineralization.
Field experiments were carried out to determine decomposition patterns of residues from various crops.
It was revealed that crop residue exceeds 6.05 t ha -1 for feed pea and the extent of dry matter (DM) decomposition was usually lower under zero than under conventional tillage, e.g. corresponding percentages residues under conventional tillage, was: 55% for feed pea (Lupwayi et al., 2004) . It was also found that residues left on the soil surface under zero tillage decomposed more slowly than those incorporated into the soil under conventional tillage. Rapid decomposition is not necessarily desirable because the nutrients released, especially nitrates, are subject to losses from the soil through the process of leaching.
However, nitrogen can be mineralized rather rapidly and part of requirements of corn can be covered by N originated from plant residues, after mineralization by soil micro-organisms. Since P and K are relatively stable in soil, their losses by leaching are very low and crop can acquire part of these elements by means of mineralization.
Results from field experiments with common green manure legumes performed in North Europe, have
shown that 114-196 kg N, 17-24 kg P and 89-144 kg K ha -1 were returned to soil every year (Talgre et al., 2012) . Experiments conducted in Chile have indicated that the main source of N input in soils was from N mineralization, while the contribution of rainfall and biological fixation to the total N inputs was less than 17% (Lobos et al., 2016) .Investigations to evaluate soil mineral nitrogen (N) in agricultural fields have shown that (0-100 cm depth) the history of organic matter application and other field management practices drastically affected the amount of mineral soil nitrogen (Fueki et al., 2010) .
Plots receiving moderate to full irrigation exhibited considerably higher biomass and seed yield in comparison to the stressed plants (Table 4 and Figure 1 ).
These results provide clear evidence that potential production could be attainable even with the moderate irrigation input (66% ETm) resulting in a higher water use efficiency, e.g. 3.33 vs 2.20 kg grain t -1 irrigation water. This may be attributable to the initial Effects of irrigation and green manure on corn (Zea mays L.) soil water storage as well as the high water holding capacity of the studied clay soil which is important for saving large amounts of irrigation water for obtaining maximum corn yields. Benjamin and Nielsen (2006) observed that water deficit affects the distribution of pea roots under irrigated conditions, and about 80% of the field pea roots were in the top soil. It can be argued that the experimental area of University of Thessaly, is characterized by water shortage, and autumn sowing provides an opportunity to decrease the negative effects of water stress on grain pea yield.
As the moderate irrigation scheme could ensure maximum yield production of the traditionally managed corn (without green manure), it can be concluded that the increased yield and dry biomass in the green manured plots must be attributed to the improvement of the physical soil properties, the improved of watersoil relations and the more efficient uptake of water from the root zone, i.e. the same reasons for increasing water use efficiency. Similar positive effects of green manure on bulk density (5% decrease) and total soil porosity (8% increase) in Inceptisols with low SOM soon after receiving green manure (Sultani et al., 2007) . A very important finding comprises the significant increase in corn seed yield (as well as total biomass production) in the plots which had received green manure before the sowing of corn. Experiments conducted in Greece and Italy have indicated that the leguminous green manure has a dominant key role in managing the N soil fertility (Bilalis et al., 2012; Ciaccia et al., 2017) in the short period of experimentation.
However, results from field experiments conducted in
Greece to determine the effects of green manure on yield of maize (Bilalis et al., 2012) have shown that biomass was higher in faba bean (Vicia faba L.) and vetch (Vicia sativa L.) compared to pea (Pisum sativum L.), and both accumulated significantly more N than pea. Also, the lowest yield was recorded in the plots where pea was used as green manure.
However, appropriate incentives, management strategies, and yield benefit expectations should be fostered to increase the adoption potential of this N-economizing soil and water conservation strategy (O'Dea et al., 2013) . As these are preliminary results of the first year of growing and incorporating feed pea as green manure before the establishment and growing of corn as main crop, the above economic incentive is expected to be much greater in the subsequent years of such practice through the continuous improvement of the soil structure and fertility.
Conclusions
The quantity of dry biomass of incorporated field pea was 5.2 tones ha -1 and nutrients originated from plant residues were found to the following order, such as:
K>N>P, respectively. The incorporated plant residues as green manure, increased plant available macronutrients, in particular K and N. Irrigation significantly affected corn growth and the final plant height was similar for both, full and moderate irrigation treatments, while the stressed plants had lower height.
A sizeable increase in corn yield was recorded in plots which had received green manure before the cultivation of Zea mays L. As the moderate irrigation scheme could ensure maximum productivity of corn without green manure, it can be argued that the increased yield and dry biomass in the plots where green manure was applied, must be attributed mainly to the improvement of soil properties.
The importance of feed pea cultivation as cover crop and the incorporation of its biomass, rich in NK nutrients as green manure was evidenced already in the first year of application on the yield and dry biomass production of a subsequent corn cultivation. In particular, this practice may increase the production potential of traditional corn monocultures in Central Greece (Thessaly) by 2 t ha -1 grain and by 3.3-3.8 t ha -1 dry biomass. 
